Objective In a recent study, we found high levels of erythropoietin (EPO) in patients with diabetic macular oedema (DME), suggesting a role of EPO in the pathogenesis of this condition. To investigate a possible relationship between EPO and other diseases causing macular oedema, we determined vitreous levels of this peptide in patients with macular oedema secondary to retinal vein occlusion (RVO) and compared them with levels in patients with DME and control patients. Methods Vitreous and serum samples were obtained from patients with macular oedema secondary to RVO, DME, epiretinal membrane, and macular hole (controls). EPO was measured by radioimmunoassay. Results No differences were found in median vitreous EPO levels between patients with RVO and controls: RVO, 76 mU/ml (30-806) vs controls, 25 mU/ml (10-75) (P ¼ 0.105). Median EPO concentration was higher in DME patients than in patients with RVO or controls: DME, 430 mU/ml (41-3000) vs RVO, 76 mU/ml (30-806) (Po0.0001) vs controls, 25 mU/ml (10-75) (Po0.0001). Conclusions EPO levels are not elevated in patients with macular oedema secondary to RVO. Patients with DME have high levels of EPO. These results suggest that EPO could be involved in the pathogenesis of diabetic retinopathy, but not in macular oedema secondary to RVO.
Introduction
Over the last years, several studies have shown that vitreous factors play an important role in the pathophysiology of macular oedema. [1] [2] [3] [4] [5] [6] [7] Vascular endothelial growth factor (VEGF), which is also a proangiogenic factor, is the best known of these factors. High concentrations of this peptide have been found in the vitreous of patients with macular oedema secondary to several diseases. Other vitreous factors, also related to angiogenesis, are thought to have a role in oedema formation. We found lower concentrations of somatostatin (SST), an antiangiogenic factor, in the vitreous fluid of patients with proliferative diabetic retinopathy as compared with controls, suggesting that SST deficit can contribute to neovascularization in this disease. 8, 9 In addition, SST levels are decreased in the vitreous fluid of patients with diabetic macular oedema (DME), which suggests a relationship between vascular permeability and SST deficit. 10 Erythropoietin (EPO) is a glycoprotein with a well recognized erythropoietic function. High concentrations of this factor have been found in the vitreous fluid of patients with proliferative diabetic retinopathy; hence, EPO could act as an angiogenic factor in this disease. 11 Recently, we found high levels of intravitreal EPO in patients with DME, suggesting a link between this factor and the pathogenesis of this condition. 12 The aim of this study was to evaluate vitreous levels of EPO in patients with retinal vein occlusion (RVO), a condition in which macular oedema also develops, as compared to patients with DME and control patients.
Materials and methods

Patients
The study included non-diabetic patients with central RVO (CRVO) or branch RVO (BRVO) and patients with DME, who had undergone vitrectomy or vitreous tapping. The control group consisted of non-diabetic patients with other conditions requiring vitrectomy, but who were not affected by macular oedema or neovascularization. The exclusion criteria were proliferative diabetic retinopathy, other ischaemic retinal diseases, previous ocular surgery, uveitis, vitreal haemorrhage, and haemoglobin detection in the vitreous sample. Informed consent was obtained from each patient following an explanation of the purpose and potential adverse effects of the procedures. This study was performed in accordance with the Declaration of Helsinki and was approved by the Ethics Committee of our hospital.
Ophthalmologic examinations
Preoperative examinations included visual acuity using Snellen charts, complete biomicroscopic evaluation, measurement of intraocular pressure by Goldmann tonometer, and fundus examination using a quadraspheric fundus contact lens (Volk). Macular oedema was confirmed by fluorescein angiography (FAG) and optical coherence tomography (OCT), which was also used to measure retinal thickness at the central fovea. Idiopathic epiretinal membrane and macular hole were diagnosed both clinically and by OCT.
Vitreous samples
Vitreous was obtained from taps or vitrectomies. Vitrectomy plus radial optic neurotomy, vitrectomy plus arteriovenous decompression, and vitrectomy plus posterior hyaloid and internal limiting membrane dissection were performed to treat CRVO, BRVO, and DME, respectively. Undiluted vitreous samples (0.5-1 ml) were obtained at the start of vitrectomy by aspiration into a 1-ml syringe attached to the vitreous cutter (Alcon Model, Accurus 800 Â S4; Irvine, California, USA) before initiating intravitreal infusion of balanced salt solution. Vitreous taps were performed in cases in which intravitreal injection of triamcinolone acetonide was administered to treat macular oedema; 0.5-1 ml of vitreous was obtained with a portable vitreous cutter just before the injection. The vitreous samples were transferred to a sterile tube, placed immediately on ice, and centrifuged at 16 000 Â g for 5 min at 41C. Supernatants were frozen at À801C until assayed. For serum determinations, blood samples were collected at the same time as vitrectomy or vitreous tap and centrifuged at 3000 Â g for 10 min at 41C. The serum obtained was aliquoted and stored at À801C until assayed.
EPO assessment
Erythropoietin was measured by an RIA method (Phoenix Pharmaceutical, Belmont, USA) with a limit of detection of 4.4 mU/ml.
Intravitreous haemoglobin
Vitreous haemoglobin level was measured by spectrophotometry (Uvikon 860, Kontron Instruments, Zurich), which permits haemoglobin measurement in micromolar concentrations. The limit of detection of the method was 0.03 mg/ml.
Protein assay
Vitreal proteins were measured by a previously validated microturbidimetric method with an autoanalyzer (Hitachi 917; Boehringer, Manheim, Germany). This method, based on the benzetonium chloride reaction, is highly specific for the detection of proteins and has higher sensitivity and reproducibility than the classic method of Lowry. The lowest level of proteins detected was 0.02 mg/ml. Intra-and interassay coefficients of variation were 2.9 and 3.7%, respectively.
Vitreous fluid analysis as a surrogate of retinal physiology
In this study we applied a method developed by our group that allows rationalized use of vitreous fluid as a tool for in vivo assessment of the events taking place in the retina. First, we reject samples containing haemoglobin. Vitreous haemorrhage can produce an influx of serum proteins into the vitreous fluid, thus precluding its usefulness for the study of intraocular production of a particular protein. Second, we perform case-control studies, matching patients and control patients for plasma levels of the peptide under study, as plasma protein levels can influence the vitreal concentrations. Third, we corrected the intravitreal concentration of the peptide under study for total vitreal protein levels. The presence of elevated intravitreal levels of any protein does not necessarily mean that intraocular production is responsible for the elevation. It may simply be a reflection of a nonspecific increase in total vitreal proteins due to disruption of the blood-retinal barrier (BRB).
This methodology has been used in previous publications and has been used by other groups investigating diabetic retinopathy.
Statistical analysis
The Kolmogorov-Smirnov test was used to confirm the assumption of normality of the variables. Student's t-test and ANOVA were used to compare continuous variables, and the w 2 test for categorical variables. Because of their skewed distribution, EPO concentrations are expressed as the median and range, and statistical comparisons were performed using a nonparametric test (MannWhitney U-test). Statistical significance was set at Po0.05.
Results
The study included 12 consecutive patients with DME, 12 consecutive patients with RVO, 9 with CRVO, and 3 with BRVO. The level of retinopathy of the patients with DME was mild nonproliferative diabetic retinopathy in every case according to the international clinical diabetic retinopathy and DME disease severity scales. 13 FAG did not show peripheral ischaemia in patients with DME. Patients with RVO presented with profuse haemorrhages, so areas of nonperfusion could not be assessed by FAG. Twenty age-matched patients (10 with idiopathic epiretinal membrane and 10 with macular hole) served as the control group. Demographic characteristics and treatments performed in patients with RVO and DME are summarized in Table 1 .
There were no significant differences in serum EPO concentration between the groups: RVO, 8.9 mU/ml (7-20.8) vs DME, 12.4 mU/ml (7.8-46.7), P ¼ 0.573; RVO, 8.9 mU/ml (7-20.8) vs controls, 8.6 mU/ml (4.1-19), P ¼ 0.075; DME, 12.4 mU/ml (7.8-46.7) vs controls, 8.6 mU/ml (4.1-19), P ¼ 0.488, (Figure 1 ). Vitreous EPO concentration was significantly higher in patients with DME than in patients with RVO and controls in absolute terms: DME, 430 mU/ml (41-3000) vs RVO, 76 mU/ml (30-806) (Po0.0001); DME, 430 mU/ml (41-3000) vs controls, 25 mU/ml (10-75) (Po0.0001); and after adjusting for intravitreal proteins: DME, 105 mU/mg (13-967) vs RVO, 69 mU/mg (27-800), P ¼ 0.02 and DME, 105 mU/mg (13-967) vs controls, 50 mU/mg (13-107) (P ¼ 0.02) (Figure 2 ). No differences in vitreous EPO concentration were found in patients with RVO as compared to the control patients (76 mU/ml (30-806) vs 25 mU/ml (10-75), P ¼ 0.105) After adjusting the results by intravitreous protein concentration, there were again no differences between these groups (RVO: 69 mU/mg (27-800) vs 50 mU/mg (13-107); P ¼ 0.095) (Figure 2 ).
No differences in vitreous EPO concentration were found in patients with CRVO as compared to patientss with BRVO: CRVO, 91.3 mU/ml (30-417) vs BRVO, 101 mU/ml (100-806) (P ¼ 0.081); Patients with CRVO were compared with patients with DME and there was still a difference between them in absolute terms: CRVO, 91.3 mU/ml (30-417) vs DME, 430 mU/ml (41-3000), Po0.0001; and after adjusting for intravitreal proteins: CRVO, 53 mU/mg (27-190) vs DME, 105 mU/mg (13-967) (P ¼ 0.02). Moreover, there were no differences between patients with CRVO and controls in absolute terms: CRVO, 91.3 mU/ml (30-417) vs controls, 25 mU/ml (10-75) (P ¼ 0.1) and after adjusting for intravitreal proteins: 53 mU/mg (27-190) vs 50 mU/mg (13-107) (P ¼ 0.096).
Discussion
Macular oedema is responsible for vision loss in many patients with RVO and diabetic retinopathy. Several factors are involved in the pathophysiology of these conditions. In patients with RVO, thrombosis at the level of the lamina cribosa and the arteriovenous crossing increases distal intraluminal capillary pressure, which Table 1 Clinical characteristics of patients with DME, RVO, and controls Comparative study with DME J García-Arumí et al induces hypoxic damage to endothelial cells; this, in turn, leads to elevated vascular permeability. 14, 15 In patients with DME, chronic metabolism alterations, such as the polyol and hexosamine pathways, de novo synthesis of diacylglycerol -proteincinase C, and production of free radicals and advanced glycosylation end products, damage endothelial cell function and ultimately lead to capillary hyperpermeability. 16, 17 Many investigators have suggested that growth factors and cytokines play an important role in the pathogenesis of macular oedema in both diseases.
In two different studies, Noma et al 18, 19 determined aqueous and vitreal levels of VEGF and IL-6 in patients with BRVO. Concentrations of these factors were elevated as compared to controls and correlated with the severity of macular oedema. A great deal of information is available on the role of VEGF in the pathogenesis of DME. 3, 4, [20] [21] [22] EPO is a glycoprotein with a neuroprotective effect in the retina. 23 Watanabe et al 11 determined vitreous levels of EPO in patients with proliferative diabetic retinopathy. They found strikingly elevated levels of this peptide when compared to controls, suggesting a role for this factor in neovascularization secondary to diabetic retinopathy. Recently, we found that patients with DME and no significant ischaemia have elevated levels of intravitreal EPO and that intraocular production is responsible for these elevated levels. 12 It is possible that EPO enhancement might be related to hyperpermeability in patients with DME. However, in vitro and experimental studies have shown that EPO decreases permeability of the blood-brain barrier (BBB), an anatomical structure similar to the BRB. Martinez-Estrada et al 24 using an in vitro model of bovine BBB provided evidence that EPO protects against VEGF-induced permeability of the BBB and restores the tight junction proteins. EPO treatment also prevented an increase of BBB permeability in a rat model of induced seizures. 25 As the BBB is structurally and functionally similar to the BRB, it is possible that EPO could act as an antipermeability factor in the retina. In this regard, a substantial improvement in DME has been reported after treating azotemia-induced anaemia with EPO. 26 Is it possible that this increase might be related to a self-regulated physiological neuroprotective mechanism to prevent chronic retinal metabolic damage, rather than a pathogenic contribution to vascular permeability? In an attempt to answer this question, we have investigated a possible relationship between EPO and macular oedema secondary to another disease. In this study, we determined vitreous concentrations of EPO in patients with macular oedema due to RVO. Our results showed no differences in vitreous EPO concentrations between these patients and the controls, both in absolute terms and after adjusting for intravitreal proteins. Moreover, vitreous EPO concentrations in patients with DME were higher than in patients with RVO and the controls. Taken together, these results suggest that EPO might not be related to vascular permeability, and support the idea that EPO enhancement in patients with DME may be related to its neuroprotective properties. Furthermore, our results show that diabetic retinal chronic metabolic alteration may be a more powerful stimulus for EPO enhancement than retinal ischaemia. Even the patients with CRVO (who theoretically have more ischaemia than patients with BRVO) and controls had similar levels of EPO. This study has several limitations. First, the small number of patients in each group and the large range of EPO concentration in both the DME and RVO patients. Nonetheless, statistically significant differences between diabetic patients and patients with RVO and controls were observed. Second, the duration of macular oedema was not recorded. It is possible that in patients with RVO, macular oedema had lasted for a shorter period of time due to the acute nature of the disease, which prompts patients to consult early. Hence, it is possible that hyperproduction of EPO occurred later in the evolution of the disease. Finally, although vitreous fluid obtained from patients undergoing vitreoretinal surgery is currently used to explore the synthesis of factors by the retina, it is an indirect measure. A direct method, quantification of EPO RNA expression, with which we demonstrated EPO RNA expression in the adult human retina and showed that this expression is higher in diabetic patients, cannot be performed in patients with RVO for obvious reasons. Finally, we can only suggest that EPO is not related to vascular permeability. Further studies must be performed to investigate the precise relationship between EPO and the BRB. In this regard, Western immunoblot studies on the tight junctions in * * * endothelial cell cultures exposed to EPO would provide data to determine whether or not EPO has an effect on BRB homoeostasis.
In conclusion, vitreous EPO levels are elevated in patients with DME. In patients with macular oedema secondary to RVO, EPO levels are similar to those of control patients. Although it seems that EPO enhancement in patients with DME is related to its neurotrophic properties, further studies are needed to clarify the precise role of EPO in the pathogenesis of this condition.
